Elective cesarean section (CS) is generally perceived as a low-risk procedure with minimal maternal or neonatal morbidity and mortality. However, it is not risk-free and carries significantly increased neonatal morbidity. Respiratory complications are highest in infants who are delivered by CS without labor (1) (2) (3) . The neutrophil has been implicated in the pathogenesis of both adult and neonatal respiratory distress syndromes (4 -7) . Delayed pulmonary neutrophil apoptosis in respiratory distress syndrome (8) and adult respiratory distress syndrome (9) contributes to the pulmonary neutrophilia. Furthermore, decreased neutrophil apoptosis in the tracheal fluid of preterm infants is associated with the development of chronic lung disease (10) . The pathogenesis of other inflammatory conditions such as pancreatitis, inflammatory bowel disease, and the systemic inflammatory response syndrome are also associated with delayed neutrophil apoptosis (10 -12) .
Labor is associated with a fetal leukocytosis and elevation of the neonate's systemic neutrophil count (13, 14) compared with cesarean section. Neonatal neutrophils after CS are known to have delayed apoptosis compared with adult control subjects (15) , and this may contribute to their physiologic neutrophilia (16, 17) . We hypothesized that mode of delivery affected neonatal neutrophil survival and function. We therefore compared neutrophil phenotype in infants who were born by normal vaginal delivery (VD) with those who were born by elective CS without labor.
METHODS

Reagents and antibodies.
Dulbecco's modified Eagle's medium, penicillin, streptomycin solution, L-glutamine, and FCS were purchased from GIBCO Life Technologies (Paisley, UK). Dextran T-500 and Ficoll were purchased from Pharmacia (Buckinghamshire, UK). E-lyse was purchased from Cardinal Patient population. Ethical Committee approval for the study was received from the Coombe Women's Hospital. Informed written consent for blood sampling and the study proformas were obtained in all cases and completed by a single investigator (J.G.).
The study population included the following groups: 1. Adult controls: 15 nonpregnant healthy women and 15 men (laboratory and medical colleagues) aged 26 -33 y. Both male and female adults were used in Figure 1A . However, because of the disparity between male and female neutrophil apoptosis, we used only female adult control subjects in the remainder of the experiments to standardize results (18).
2. Normal labor (VD): 20 umbilical cord blood samples taken at term after normal pregnancy, labor, and delivery.
3. Elective cesarean (CS): 10 umbilical cord blood samples taken at term after normal pregnancy and elective CS. All elective CSs were performed under epidural anesthesia using a combination of Bupivacaine, Marcaine, Chirocaine, and Fentanyl.
All infants had a normal uncomplicated postnatal course and were discharged with their mothers.
Preparation of cells. Neutrophils were isolated by dextran (3%) sedimentation and centrifugation through a discontinuous Ficoll gradient; neutrophil isolation was commenced within 90 min of sampling. Red blood cells were lysed using E-Lyse (19, 20) . The neutrophil pellet was resuspended in Dulbecco's modified Eagle's medium supplemented with 10% FCS, 1% glutamine, 1% penicillin/streptomycin solution, and Fungizone at a concentration of 1 ϫ 10 6 cells/mL. Cells were incubated in polypropylene tubes (Falcon/Becton Dickinson, Cambridge, UK) to prevent adherence. Neutrophil purity as assessed by size, and granularity on flow cytometry was consistently Ͼ95%. Neutrophils at 1 ϫ 10 6 cells/mL were treated with 1 g/mL lipopolysaccharide (LPS) where indicated.
Quantification of apoptosis. Spontaneous apoptosis of neutrophils was quantified by flow cytometry as the percentage of cells with hypodiploid DNA (19, 20) . Cells (1 ϫ 10 6 cells/mL) were centrifuged at 130 ϫ g for 5 min and then gently resuspended in 400 L of hypotonic fluorochrome solution (200 mL of PBS, 10 mg of propidium iodide, 3.4 mM sodium citrate, 1 mM Tris, 0.1 mM EDTA, 0.1% Triton X-100). They were placed on ice for 10 min before they were analyzed using the Coulter Epics XL-MCL cytofluorometer (Miami, FL, U.S.A.). A minimum of 5,000 events were collected and analyzed. Apoptotic nuclei were distinguished from normal nuclei by their hypodiploid DNA, and debris was excluded from analysis by raising the forward threshold. All measurements were performed under the same instrument settings.
Quantification of cell-surface antigen expression. The expression of CD11b, CD33, and Toll-like receptor-4 (TLR-4) antigens on the surface of neutrophils was measured by flow cytometry. Neutrophils (500 L at 1 ϫ 10 6 cells/mL) were treated with 10 L of PE-CD11b, PE-CD33, or control antibody and left at 4°C for 20 min. The cells were washed three times with 400 L of cold PBS at 130 ϫ g for 10 min and finally resuspended in 400 L of Isoton II solution and stored on ice before they were analyzed by flow cytometry. Cells (500 L at 1 ϫ 10 6 cells/mL) were treated with 1 L of anti-human TLR-4 antibody and incubated at room temperature for 15 min. Wash solution (1 mL, 2% FCS in PBS) was added, and the sample was centrifuged at 960 ϫ g for 1 min at 4°C. The pellet was resuspended in 1:50 concentration of anti-mouse IgG conjugated with PE and incubated for 15 min at room temperature. After an additional 1 mL wash, the sample was centrifuged at 960 ϫ g for 1 min. The resulting pellet was resuspended in wash, and fluorescence intensity was assessed by flow cytometry and expressed as Ln mean channel fluorescence. The fluorescence intensity is denoted by mean channel fluorescence, which is the average intensity of fluorescence emitted by all cells chosen for measurement and is comparable to the relative number of receptors present on the surface of each cell.
Statistics. Statistical analysis was carried out using ANOVA with Student-Newman correction and t test using Ministat (www.ministat.com). Significance was assumed for values of p Ͻ 0.05. Results are expressed as mean Ϯ SEM unless otherwise indicated.
RESULTS
Patient demographics. The mean duration of pregnancy in
and 5 min (VD, 9.9 Ϯ 0.3; CS, 9.8 Ϯ 0.4) were also similar in both groups. The indications for elective CS were as follows: six previous CS, one cephalopelvic disproportion, two macrosomia, and one back pain.
Neonates have an altered neutrophil phenotype compared with adults. Neonatal neutrophils have significantly delayed apoptosis compared with adult controls (both male and female). This is further delayed after VD compared with CS (p ϭ 0.03; Fig. 1A ). No direct statistical correlation between labor length and rates of spontaneous apoptosis was found (data not shown).
Adult and neonatal VD neutrophils have a significant increase in apoptosis in response to Fas antibody (p ϭ 0.001). In contrast, Fas antibody does not significantly induce apoptosis in the CS group (p ϭ 0.13), although levels of apoptosis in Fas-treated cells are equivalent to those in VD neutrophils (Fig.  1B) .
CD11b, a marker of neutrophil activation, was decreased on neutrophils from umbilical cord blood at CS compared with adults (p ϭ 0.04; Fig. 2A ). There was no difference between adults and VD, which suggests that labor promotes increased CD11b expression. No significant alterations in CD33 expression were found between the groups (Fig. 2B) .
Neutrophil priming with LPS is altered by mode of delivery. The ability of labor to prime for an additive response to LPS was also investigated. In adult controls, neutrophil apoptosis is delayed by co-incubation with LPS. Neonatal neutrophils are hyporesponsive to the antiapoptotic effects of LPS before labor (p ϭ 0.34; Fig. 3A ) but respond significantly after labor (p ϭ 0.01). The percentage of LPS responsiveness was as follows: male, 77.4 Ϯ 14.8; female, 68.5 Ϯ 26.3; CS, 24.5 Ϯ 7.8; and VD, 42.2 Ϯ 7.9. In controls and neonatal neutrophils from infants who were born by VD, there is a significant increase in LPS-induced CD11b expression (p ϭ 0.01 VD) that is not seen in those who were born by CS (p ϭ 0.15; Fig. 3B ).
LPS signaling in the newborn neutrophil. Both adult controls and neutrophils from infants who were born by VD express similar levels of surface TLR-4. This is significantly up-regulated by LPS co-incubation in both adults (p ϭ 0.008) and VD (p ϭ 0.01; Fig. 4 ). CS neutrophils have elevated TLR-4, but this is not up-regulated after stimulation with LPS (p ϭ 0.8).
DISCUSSION
Several studies have demonstrated significant changes in neonatal neutrophil survival and altered responses to various factors (e.g. anti-Fas, G-CSF) in umbilical cord blood after CS with no labor (15, (21) (22) (23) . This is the first article to describe the effect of labor on neutrophil apoptosis. We have shown a significant delay in neutrophil apoptosis in normal term neonates compared with adults. This response was accentuated in infants who were born by VD compared with elective CS and correlates with the increased neonatal neutrophil count after VD (13, 14, 24) . Decreased caspase 3, an executioner protease that mediates apoptosis, is diminished in umbilical cord neutrophils and may mediate the delayed apoptosis in newborn neutrophils (22) Labor alters neonatal neutrophil responses. Cortisol is known to delay neutrophil apoptosis (25) , and elevated serum cortisol after VD has been shown to correlate with neonatal neutrophil counts (25, 26) . Similarly, IL-6 is elevated with increasing duration of labor (27) and may be partially responsible for the labor-induced delay in neutrophil apoptosis. CD11b, a surface neutrophil marker of activation, was diminished on neutrophils from VD versus adults and further downregulated in CS. Increased respiratory burst, CD11b/CD18, and IL-8 receptor have been demonstrated after VD in comparison with CS (28) .
Neutrophils constitutively express Fas and undergo apoptosis in the presence of Fas ligand (FasL) (29) . Neonatal neutrophils are hyporesponsive to Fas-induced apoptosis (15) after CS. In addition, we have found that neutrophils from VD infants are responsive to Fas-induced apoptosis. Uguz et al. (30) found increased Fas expression on neonatal neutrophils after CS versus adults. This suggests that Fas hyporesponsiveness in this group is mediated below the level of the receptor. 
LABOR ALTERS NEONATAL NEUTROPHILS
Maintenance of a normal Fas-FasL pathway may be essential to prevent maternal rejection of the fetal allograft. Immunologically active FasL is expressed on trophoblast cells and is down-regulated during labor. Therefore, the process of labor may render the neutrophil relatively more responsive to Fasinduced cell death.
Neutrophil activation has previously been shown to be a function of labor length in preterm infants (31) . These authors found no correlation between CD11b and several other surface neutrophil antigens and mode of delivery or gestational age in preterm infants, although labor length did influence these parameters. They did not differentiate between elective CS without labor and emergency CS with labor or the influence of inflammatory conditions such as preeclampsia. Neonates with respiratory distress have increased neutrophil activation (32) and a relative systemic neutropenia. CD11b/CD18 (Mac-1) are similar on neutrophils from adults and neonates through 4 wk of age, but children had decreased up-regulation with LPS (33) . Priming of cord blood neutrophils by labor has also been indicated in studies of respiratory burst and alkaline phosphatase activity (34) After CS, neonatal neutrophils are hyporesponsive to apoptotic and CD11b LPS-induced responses. Toll-like receptors are the transmembrane component of the LPS signaling receptor cluster. They are highly evolutionarily conserved and involved in recognition of "danger signals." Baseline TLR-4 expression on neutrophils from CS is elevated compared with the other groups. The CS group does not up-regulate the TLR-4 expression with LPS, unlike the other two groups. A recent study on trophoblastic TLR-4 expression showed a high baseline expression and no increase with LPS (35) . Low-dose LPS can induce "tolerance" in a cell, inducing a state of relative hyporesponsiveness. LPS-tolerant cells can have high levels of TLR-4 expression, but the intracellular LPS signaling mechanism below the level of the receptor is disrupted with decreased activity of the essential enzyme, IRAK kinase (36) . This may also be the mechanism underlying the LPS hyporesponsive CS cells with increased basal levels of TLR-4.
The mode of delivery affects the neutrophil phenotype by increasing neutrophil survival and augmenting LPS responsiveness. We suggest that labor of any duration may be immunologically beneficial to the normal term neonate. However, in infants with a preexisting inflammatory condition, such as chorioamnionitis or preeclampsia, triggering further inflammation (i.e. labor) may be detrimental and explain the increased morbidity in this group with labor (37, 38) . The effect of mode of delivery is an important variable in neonatal neutrophil survival and function and needs to be considered in future research in this area. Further study of the effects of labor on the inflammatory responses of newborns with preexisting inflammation may guide us to the most beneficial mode of delivery for this group. 6 cells/mL) were incubated for 1 h before the addition of LPS (1 g/mL). Cells from healthy adult female control subjects (Adult; n ϭ 15) and umbilical cord blood after either elective CS (n ϭ 10) or VD (n ϭ 15) were then assessed for apoptosis by propidium iodide DNA staining after 24 h (A) or CD11b expression using a FITC-labeled MAb after 6 h (B). *p Ͻ 0.05 vs adult spon; **p Ͻ 0.05 vs VD spon; #p Ͻ 0.05 vs adult spon; ##p Ͻ 0.05 vs VD spon. 6 cells/mL) was measured by flow cytometry alone or after LPS (1 g/mL) stimulation. The results are expressed as Ln mean channel fluorescence (LnMCF) in the following groups: healthy adult female controls (Adult; n ϭ 15) and umbilical cord blood after either elective CS (n ϭ 10) or VD (n ϭ 15); *p ϭ 0.008 vs adult; **p ϭ 0.01 vs VD con (control); ***p ϭ 0.01 vs adult con/VD con.
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